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Introduction

There is a growing urgency in today’s classrooms to improve learning by exposing students to engineering design to help develop cognitive skills and improve the teaching framework at the elementary level (AAAS, 1989, AAAS, 1993).  Recently, the representatives from the American Society for Engineering Education(ASEE) presented their K-12 center website at my school during engineering week (EWeek at Martin L. King Jr. Elementary, 2010), and impressed students about the field of engineering and by introducing online stories of young engineers that look like them, got their attention.  When a small group practiced with the website in the computer lab at our school with these representatives from the American Society of Engineering Educators (ASEE), the conversation afterwards was very positive.  A few of the students stated they may want to become an engineer or at least learn more about designing.

My main reason for selecting the Dartmouth Design Engineering Process is to have that same spirit of enlightenment about engineering and technology from my third grade students. The third graders I have now are the first students I’ve ever introduced to the engineering system and possibly the only students at my school who have attempted to try it. It is my first time also. Research shows that students can do engineering processes to build students’ critical thinking skills, creativity, and environments, writing skills.  
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Academicians and educators during the 20th century began to align themselves with a more serious nature about science and mathematics curriculums, alliance with school systems, critical action inquiry, and improving technology in the classroom for all students in American schools (AAAS, 1989; AAAS, 1993; Zugha, 1996).  This action research paper will use the results of findings from students’ collaborative actions to discover which step within the Dartmouth Design Engineering Process motivates them to complete the assignment or challenge decided upon by the group.  Following the standards set by my school system in the areas of (1) Scientific Thinking and Inquiry, (2) Science and Technology, and (3) Benchmarks For Science Literacy, Project 2061; this paper will endeavor to find some answers on how students are motivated to learn when working independently and with little teacher guidance.

According to Mayer (Mayer,1983), problem solving is a complex multiple step process that involves one’s past experiences or prior knowledge in concert with current relationships and experiences to bring about solutions.  The elements that bring about solutions are not rested on one situation or tapping into one or two learned concepts in a classroom.  The Dartmouth Design Engineering Process echoes Mayer’s supposition that problem solving is cognitive, attitudinal, and behavioral (Kirkley, 2003) in its different stages.  Jaimie Kirkley’s article Principles for Teaching Problem Solving (Kirkley, 2003) gives very important information on the need to teach problem solving in our schools.  Further review of the research reveals that it is through these three entities that problem 
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solving evolves for the learner by the learner focusing on two types of knowledge: declarative and procedural. 
Perhaps in the classroom environment, teachers at times take for granted that students really understand how they reached a solution, because of the kinds of assessments given.  Proponents of using engineering and technology as project experiences in the classroom get to distinguish between ways that lead one to defining a problem, asking questions, brainstorming, illustrating a possible solution, and trying the solution out before actually believing one has solved the problem.  Plus, during the engineering process, evidence of solution(s) speaks through the prototype of the product.
The Dartmouth Design Engineering Process has several steps will enrich opportunities for students to work in team effort to apply their knowledge and skills to inspire one another and to play the role of a real engineer. Certainly, engineering relationships with the real world will be quite different from educational level to another.  Mousoulides of Cyprus University of Technology in Cyprus and Lyn D. English of Queensland University of Technology in Australia have written an interesting article entitled Integrating Engineering Experiences within the Elementary Mathematics Curriculum (Proceedings of the Research in Engineering Education Symposium, 2009), where they concluded the importance of engineering education at the primary level for several reasons: (1) Students must be encouraged to use all information from various sources and modalities; 
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(2) Students should learn that they can simplify engineering problem solutions; (3) Students must know that the decision-making process requires steps from various facets of modeling; (4) Students at the elementary level can be successful in the engineering process by connecting the experience to real world situations (2009).
Elisa Garmire’s article on Dartmouth Design Engineering Process published in The Technology Teacher (Garmire, 2003) is the grounding force for this action research project.  The article was first brought to my attention while taking the engineering STEM course with Dr. Josh Brown during the fall semester.  Students using this model must believe they are really designing a prototype that can be used in the real-world. Garmire insists that students must understand two key points about the engineering process.  First, that engineering design is a cooperative effort and second that it is a team effort that makes the solution real.
[image: image1.emf]
Garmire, 2003
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Most researchers agree on the concepts and skills that must be addressed when doing engineering design processes.  The National Academy of Engineering (NAE) published an online article by the founder and director of Engineering is Elementary (EIE), Christine M. Cunningham (Cunningham, 2009).  She shares EIE’s four main goals in dealing with students and teachers in an article entitled Engineering is Elementary.  These are:

1. Increase children’s technological literacy.

2. Improve elementary educators’ ability to teach engineering and technology.

3. Increase the number of schools in the United States that include engineering in their curricula.

4. Conduct research and assessments to further the first three goals and to develop a knowledge base on the teaching and learning of engineering at the elementary school level.

These goals are consistent with my school systems standards.  Under science and technology for grade three in the District of Columbia Public Schools Science Pre-K – Grade 12 Standards (DCPS, 2006), the broad concepts are:
· Scientific progress is made by asking relevant questions

and conducting careful investigations.

· Although each of the human enterprises of science and

technology has a character and history of its own, each is 

dependent on and reinforces the other.
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Written into Project 2061 benchmarks for design and systems, grades 3-5 are to know that (AAAS Project 2061: 45; 49):

· There is no perfect design.  Designs that are best in one respect may be inferior in other ways.  Usually some feature(s) must be sacrificed to get others.

· Technology enables scientists and others to observe things that are too small or too far away to be seen without them and to study the motion of objects that move very rapidly or are hardly moving at all.

Tufts University professor Araceli Martinez Ortiz makes the argument students learning basic engineering processes and technology help students with preparedness for productivity in the workforce, not just as consumers.  Ortiz’s study with sixty girls and boys in an intervention program at an after-school engineering program, demonstrated, although on a small scale, that an engineering design curriculum can become very effective as a contextual learning tool (year is not documented).
This study adds to the research and argument that young students can understand basics in technology and in engineering if given the opportunity through learning literacy skills, writing skills, hands-on-materials, and allowing creative performances to integrate with past experiences.
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Research Method


In Abell’s work, Action Research: Inquiring into Science Teaching and Learning (2007), one of the first questions she addresses is:  Why should I be interested in action research? (p. 64).  This may seem like an obvious question, but many teachers never ask themselves this question throughout their longevity as an educator.  Research has always been an important aspect for self-assessing, referencing, and improving one’s skills in the field of educational instruction.  Like Abell, this is where I have begun my work because this question has led me to discover the engineering process as a teaching framework for my third graders.  My goal is to find commonality among my third graders as learners.  To do this, I’m asking the question, What motivates third grade students within the Dartmouth Design Engineering process?  

My interest in the design engineering process came as a result of taking the course The “E” in STEM: Meaningful Content for Engineering.  Prior to this course, I knew nothing about the design engineering process and came in the course completely cold.  The reason I had selected this course was to find out “what the E in STEM” pertained to, besides a letter in the alphabet.  The course was an immense success with me.  I realized that I had to become motivated and remain open minded to successful with this course. Then, I realized that’s the same impact a subject matter could have on my students.


As I grew with the design process, so did my students and we began to observe how we learned with one another.  The PBS-WGBH Design Squad Challenges online has become a regular place for my students to go to for information.  Sometimes they just
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want to view the various power points they have on the different challenges.  Just recently, Donorschoose.org sent new supplies for designing and capturing the creativity of young minds to me.  This is all a part of the research and methods phase.  Students should become excited about learning and desire the opportunity to challenge their own minds.

Abell is not alone in suggesting that teachers use strategies to get to know and understand how their students participate in the educational and instructional process (Tripp, 2003; Feldman, 1996).  Tripp’s research involves action research inquiry as a strategic action through reflective analysis of habits, instinct, opinion, or partial knowledge.  Feldman uses a five-step model that includes action by the teacher to review student participation, work ethics, and any specific problem(s) in instruction.


The use of the Dartmouth Design Engineering Process and results of Gardner’s Multiple Intelligences Survey created by A. Chapman and V. Chislett (2005) will be the guiding instruments for my research and methodology.  The research project is done at my school, Martin L. King Jr. Elementary, a Title 1 school in Washington, DC.  The research and activities will be done on site at the school in my classroom.  The only students involved in this project are my third graders, who range between the ages of 8-9 years.  The class consists of low-level readers and mid-range level readers.  Most of the students do not enjoy writing, but there are a few able bodies to assist others with this process so it will not so cumbersome.  

We consider the classroom our laboratory (indoor) and outside the classroom as our outdoor laboratory.  After reading several reports on action research and engineering for young students, I’ve begun to re-critique myself on instruction, communication, 
practice and the vitality of student/teacher classroom experience(s).  The pre-preparation for this course was initialized by giving my students a survey on their feelings about school, home, country, goals, and general basics on life.  By the time this Action Research course began, I had a good beginning amount of data on:  (1) what kind of learner my students are and (2) what profession or vocation might be good of interest to them.  

Ferrance discusses the need for the researcher to act upon “evidence” of the data collection and review of current literature to “design a plan of action that will allow you to make change and to study that change” (Ferrance, 2000).   The beginning platform of examining how my students learn by identifying their particular learning style from Gardner’s Multiple Intelligences are based on the following areas:  (1) Linguistic, (2) Logical-Mathematical, (3) Musical, (4) Bodily-Kinesthetic, (5) Spatial-Visual, (6) Interpersonal, and (7) Intrapersonal (Chapman and Chislett, 2005).

The literature emphasizes that the responsibility to generate change and development belongs to the teacher as researcher.  Stenhouse (1975) stresses this notion in his work stating:


“ those people[teachers] carrying out their professional actions from day to day and its purpose is to understand and to improve those actions…it is not enough that teachers’ work should be studies, they need to study it themselves”,,,(p.143).

Carr and Kemmis (1986) explain these actions as within the confines of action research as a cause-effect relationship between theory and practice.  Those involved in the research are then free to dictate their own pathway of conceptualizing and defining 
their understanding of reactions, judgments, and impressions about their learning experiences. Other researchers have focused on the attention of learners and how teachers stimulate students to learn (Dakarai, 2010; and Butler & Winne, 1995).  Research reports that teachers should provide stimulation for learning by allowing students to (1) implement cognitive and metacognitive strategies needed to operate independently, (2) offer opportunities for student control of challenges, (3) emphasize short-term goals, (4) realistic goals, and (5) to see errors as opportunities to learn.

This researcher’s primary focus is the motivation of students within the Dartmouth Engineering Design Process, it is this step-by-step process that must be observed and evaluated in student rubrics, class assignments, working as a team, adjusting time frames to complete steps, how students express in writing their connection with the engineering process for the project, and the evaluation of the product(s). 

If motivation as an action is modeled within the classroom by the teacher, peer managers on the team, then the end result should support and meet the goals for the project at hand. The Dartmouth Engineering Design Process is the tool for motivation in this project.  First teachers and students will review an discuss steps of this engineering design to make sure all questions and concerns are taken care of prior to beginning the investigation.  
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Explanation of the Dartmouth Engineering Design Process


Using their field notebooks, students will write down the names and responsibilities of their team members.  There will be five groups of four members.  Each 

team will consist of one or two members who read fluently, can explain directions to others, and at least one good illustrator and writer.  The teacher will take on the role of Control Manager of Project.

The students all agree to follow all rules of the project and see themselves as engineers for NASA at the Goddard Space Flight Center in Greenbelt, Maryland.  Students will sign a work contract for the design to be completed in the time schedule for NASA’s mission control unit.  To make it easier on students, the class will vote between two challenges to decide which challenge will be used for this project.  The two choices 

are: (1)  Design Squad Challenge Touchdown or (2) Design Squad Challenge Roving.  These challenges are directly off the Design Squad Challenge website.  Students will work in lab groups that have been pre-assigned from another assignment.  Students will also decide on the roles of the membership of their group.   The steps to be followed are from Garmie’s paper on the Dartmouth Engineering Design Process (Garmie, 2003).


Step One:  Define the problem 

The Control Manager of the Project (teacher) will ask the question to be resolved by the investigation. The question must be open-ended identifying an existing condition in need of change.  Each group must 
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restate the open-ended question as they heard it to make sure all groups are on the same track. It is important the statement of the problem be clear.


Step Two:  Restate the Problem

Each group must then reexamine the state of the problem and redefine it for further clarity in their own words. The teacher tells students to look at each word of a problem and search for the nouns and verbs to help them understand.

Step Three:  Develop Constraints and Specifications
Students are to begin asking questions that are more detailed to the challenge.  Students must understand that the term constraints can be two kinds: (a) general and (b) specific. General constraints are those elements that are always there such as safety factors, legal factors, ethical or moral factors.  Specific factors may be things that affect the design in form, reliability, or cost to design it.


Step Four:  Brainstorm Ideas

Students are to explore ideas on the design and how it is to be made.  This is where illustrations and other ideas can be helpful.  The rules that students must follow here are to be respectful of others ideas and comments.  Sharing must be done with tolerance of others.  At the end of the brainstorming session, each group must decide how to come to a final decision on the model. There should be approximately 3 alternative ideas to explore at the end of the brainstorming idea.
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Step Five:  Research Alternatives
Students have to act like engineers and decide how long it will take to make a prototype and what materials have been used previously or if this is a brand new production and now prior information is available.


Step Six:  Analyze Alternatives by a trade-off

Engineers have to come to an agreement.  Students will use a plus sign or a minus sign to score the different uses.


Step Seven:  Identify a Potential Solution

This is the highest score of the matrix design that uses the plus and minus signs.  At this step more clarification is considered.


Step Eight:  Research in detail potential solutions
At this stage students may go to the library or use the information cards I’ve placed out on the materials table to find more information about the use of their product by NASA.


Step Nine:  Design a Potential Solution (Prototype)

Students may use any paint, crayons, paper or pencils to design the prototype.  Each group at this stage must give an oral report of what they have done so far.


Step Ten:  Construct a prototype

The design should now be voted on by the members of the group and if approved begin the work.


Step Eleven:  Evaluate the prototype



This is when the prototype is tested.


Step Twelve:
Reiterate if necessary
If for whatever reason the prototype does not hold up and there is still time on the schedule the group must do so.

Step Thirteen:  Simplify the product



If there is time students may redo parts of the product.

All student engineer groups must share and explain their prototype. Their field notes must be in order and every step documented.

This is not complete yet.  Still working on methods.
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